
Development of a Comorbidity Index for Use in Obstetric
Patients

Brian T. Bateman, MD, MSc1,2, Jill M. Mhyre, MD3, Sonia Hernandez-Diaz, MD, DrPH4,
Krista F. Huybrechts, MS, PhD1, Michael A. Fischer, MD, MS1, Andreea A. Creanga, MD,
PhD5, William M. Callaghan, MD, MPH5, and Joshua J. Gagne, PharmD, ScD1

1Division of Pharmacoepidemiology and Pharmacoeconomics, Department of Medicine, Brigham
and Women's Hospital and Harvard Medical School, Boston, Massachusetts
2Department of Anesthesiology, Critical Care, and Pain Medicine, Massachusetts General
Hospital, Harvard Medical School, Boston, Massachusetts
3Department of Anesthesiology, University of Michigan Health System, Ann Arbor, Michigan
4Department of Epidemiology, Harvard School of Public Health, Boston, Massachusetts
5Division of Reproductive Health, Centers for Disease Control and Prevention, Atlanta, Georgia

Abstract
Objective—To develop and validate a maternal comorbidity index to predict severe maternal
morbidity, defined as the occurrence of acute maternal end-organ injury, or mortality.

Methods—Data were derived from the Medicaid Analytic eXtract for the years 2000 to 2007.
The primary outcome was defined as the occurrence of maternal end-organ injury or death during
the delivery hospitalization through 30 days postpartum. The dataset was randomly divided into a
2/3 development cohort and a 1/3 validation cohort. Using the development cohort, a logistic
regression model predicting the primary outcome was created using a stepwise selection algorithm
that included 24-candidate comorbid conditions and maternal age. Each of the conditions included
in the final model was assigned a weight based on its beta coefficient, and these were used to
calculate a maternal comorbidity index.

Results—The cohort included 854,823 completed pregnancies of which 9,901 (1.2%) were
complicated by the primary study outcome. The derived score included 20 maternal conditions
and maternal age. For each point increase in the score, the odds ratio for the primary outcome was
1.37, 95% Confidence Interval (CI) 1.35 to 1.39. The c-statistic for this model was 0.657, 95% CI
0.647 – 0.666. The derived score performed significantly better than available comorbidity
indexes in predicting maternal morbidity and mortality.
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Conclusion—This new maternal morbidity index provides a simple measure for summarizing
the burden of maternal illness for use in the conduct of epidemiologic, health services, and
comparative effectiveness research.

Introduction
In epidemiologic and health services research patients’ comorbidities must be identified and
accounted for in analyses to avoid confounding bias. In certain circumstances, it is useful to
have an index that summarizes the burden of comorbidity into a single numerical score.(1,
2) The most widely used indexes used for this purpose are the Charlson Comorbidity Index
and the Elixhauser comorbidity classification system and their adaptations.(3–9) These
indexes together have been cited over 1,000 times annually in the medical literature in recent
years.(2)

These indexes have been applied in many studies in obstetrics for the purpose of describing
and adjusting for comorbidity(10–19), despite having been developed for non-obstetric
populations. The Charlson Comorbidity Index was developed to predict 1-year mortality in
medical patients.(3) The Elixhauser comorbidity measure was developed to predict length of
stay, hospital charges, and in-hospital death in explicitly non-obstetric admissions.(8) Both
of these scoring systems lack obstetric conditions that are important determinants of
maternal morbidity and mortality. Further, those conditions that do apply to obstetric
patients are not weighted to reflect the unique contribution they make to the particular
constellation of complications that present in an obstetric setting.

Recently there has been a call by leaders in the field of obstetrics to expand research into the
determinants of severe maternal morbidity and mortality.(20) The development of a
comorbidity score applicable to obstetric patients would provide an important tool for
summarizing comorbid illness and confounding control in such research. Such an index has
not, to our knowledge, been previously described.

The objective of this study was, therefore, to develop and validate a maternal comorbidity
index to predict severe maternal morbidity, defined as the occurrence of acute maternal end-
organ injury, or mortality.

Methods
Cohort

The study cohort was derived from the Medicaid Analytic eXtract, a healthcare utilization
dataset that contains information on Medicaid enrollment and utilization claims, and
included 2000–2007 data. Pregnancies were identified within this cohort as previously
described.(21) The Medicaid Analytic eXtract dataset contains information regarding
inpatient admissions, outpatient visits, and outpatient pharmacy dispensing claims. To allow
adequate measurement of maternal comorbidities and outcomes, the cohort was restricted to
women who delivered in-hospital and were eligible for Medicaid continuously from 180
days prior to the estimated last menstrual period (LMP) through either 30 days postpartum
or date of death during the 30-day postpartum period. To ensure complete ascertainment of
relevant claims, we further restricted our analysis to women with ≥28 days of enrollment
each month, and without limited benefits, private insurance, or certain state-specific
managed care programs that may underreport claims to the Medicaid Analytic eXtract.(21)
The analytic cohort included 854,823 completed pregnancies. The use of this de-identified
database for research was deemed not human subjects research by the Partner’s Institutional
Review Board.
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Study outcomes
The primary outcome for the study was defined as maternal end-organ injury or death during
the delivery admission through 30 days postpartum. End-organ injury was identified by the
presence of a diagnostic codes from the International Classification of Diseases, 9th revision
(ICD 9) indicating acute heart failure, acute renal failure, acute liver disease, acute
myocardial infarction, acute respiratory distress syndrome/respiratory failure, disseminated
intravascular coagulation/coagulopathy, coma, delirium, puerperal cerebrovascular
disorders, pulmonary edema, pulmonary embolism, sepsis, shock, status asthmaticus, or
status epilepticus (see Appendix 1 for ICD-9-CM diagnostic codes, available online at http://
links.lww.com/xxx).(22–25) Date of death was defined using the Medicaid eligibility file.
The secondary outcome for the study was maternal intensive care unit admission during the
delivery hospitalization through 30 days postpartum.

Potential Predictors of Maternal Morbidity or Mortality
Based on a review of the relevant literature and clinical plausibility,(24) we formulated a list
of maternal comorbidities that potentially confer increased risk of maternal morbidity and
mortality as candidate predictors for the comorbidity index. We restricted our analysis to
conditions that would likely be identifiable during the antepartum period up to the time of
admission for delivery and not complications that develop during the delivery admission.
We then queried maternal inpatient and outpatient claims for ICD-9 diagnoses indicating the
presence of these conditions from the 180-day pre-pregnancy period through the delivery
hospitalization (see Appendix 2 for diagnostic codes, available online at http://
links.lww.com/xxx). We defined presence of each condition as having one or more
corresponding codes during this period. We represented three pairs of conditions as
hierarchies in the coding scheme. Specifically, if a patient had codes for severe
preeclampsia/eclampsia, we coded her as not having mild or unspecified preeclampsia, even
if she had codes for it. Similarly, we allowed a patient to be defined as having gestational
diabetes only if she did not have codes for pre-existing diabetes and as having gestational
hypertension only if she did not have codes for pre-existing hypertension or preeclampsia/
eclampsia.

Development of the maternal comorbidity index
We randomly allocated 2/3 of the cohort to a development sample (n=569,882) and 1/3 to a
validation sample (n=284,941). Using the development sample, we constructed a
multivariable logistic regression model using a fully stepwise selection algorithm that
requires covariates to have a p-value ≤0.05 for both entry and retention in the model. The
dependent variable was the presence of maternal end-organ injury or death during the
delivery hospitalization through 30 days postpartum. The candidate independent variables
included the 24 maternal comorbidities defined (see Appendix 2, http://links.lww.com/xxx)
as well as maternal age categorized as <19, 20–34, 35–39, 40–44, and >44 years at the time
of LMP.

The final model included 20 maternal conditions and maternal age. Using the beta
coefficients from the final logistic regression model, we applied the weighting rule described
by Schneeweiss and colleagues.(1) In this rule, conditions with a beta coefficient (which
corresponds to the natural logarithm of the odds ratio) ≤ 0.15 are assigned a weight of zero
and for each 0.3 increase in the beta coefficient, the weight assigned to individual conditions
is increased by 1 point.

For each patient in the cohort, the presence or absence of each of the 20 comorbidities
included in the final model was defined and each of these conditions was weighted, as
described above. Patients’ comorbidity index was then obtained by summing the weights for
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all comorbidities present and adding it to the relevant weight for the patients’ age.
Importantly, patients were allowed to receive weights for mild or unspecified preeclampsia
only if they did not also have severe preeclampsia/eclampsia and gestational hypertension
only if they did not also have pre-existing hypertension or preeclampsia/eclampsia present.

Validation of the maternal comorbidity index
The performance characteristics of the newly derived score were then assessed using the
validation cohort. A logistic regression model was constructed including the primary
outcome as the dependent variable and the maternal comorbidity index as a continuous
independent variable. The discrimination of the model was evaluated by calculating a c-
statistic (the area under the receiver operating curve). The calibration of the score was
assessed by plotting the observed risk of the primary outcome by the maternal comorbidity
index (divided into 7 categorizes: 0, 1–2, 3–4, 5–6, 7–8, 9–10, and >10).

To test the generalizability of the score to other measures of severe maternal morbidity, each
of the performance characteristics described above were tested for the outcome of maternal
intensive care unit admission during the delivery admission through 30 days post delivery
using the validation cohort.

Comparative assessment of the index with existing comorbidity scores
For each patient in the validation cohort, using claims from both the inpatient and outpatient
records assessed from the pre-pregnancy period through the delivery hospitalization, we
calculated the Romano adaptation of the Charlson Comorbidity Index(5), the van Walraven
numerical modification of the Elxihauser score,(8) and the Combined Comorbidity Score,
which includes conditions from the Charlson and Elixhauser measures in a single score.(2)
The discrimination of each of these scores for the study endpoints was tested by constructing
a logistic regression model for each score with the outcome (primary and secondary were
separately assessed) included as the dependent variable and the numerical score for each
patient included as a continuous independent variable; the c-statistic for each score was then
calculated.

We next compared the predictive performance of the maternal comorbidity index with the
Romano/Charlson index, van Walraven/Elxihauser score, and the Combined Comorbidity
Score using a reclassification measure. From the logistic regression models described above,
we defined the predicted probability of the primary outcome for each patient from each
scoring system. We then defined 4 categories of predicted risk, <2%, ≥2 to <5%, ≥5 to
<10%, and ≥10% corresponding to thresholds that members of the study team deemed as
defining low, moderate, high and very-high risk groups. We created a series of tables with
the categories of predicted risk for the maternal comorbidity index plotted against predicted
risk for each of the three other comorbidity indexes evaluated, noting the observed risk in
each cell. We then calculated the net reclassification improvement (NRI) for the maternal
comorbidity index compared with each of the alternative scores.(26) The NRI is calculated
as [Pr(up|O = 1) − Pr(down|O = 1)] + [Pr(down|O = 0) − Pr(up|O = 0)], where O = 1 if the
primary study outcome occurred (maternal death or end-organ injury from the delivery
admission through 30 days postpartum) and O = 0 if the primary outcome did not occur;
“up” and “down” are defined by whether an individual was reclassified into a higher or
lower predicted risk category, by the maternal comorbidity index.(2, 26) Thus, for example,
“Pr(up|O = 1)” defines the probability of being re-classified to a higher risk category if the
outcome is present and “Pr(down|O = 1)” is the probability of being re-classified in a lower
risk group if the outcome occurs. Stated differently, the NRI reflects the sum of correct
reclassification by the new maternal comorbidity index (i.e., moving patients that had the
primary outcome into higher risk strata and those that did not have the outcome into lower
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risk strata) minus the sum of the incorrect reclassifications.(2) A positive NRI therefore
indicates better predictive ability for the new score than the score to which it is being
compared. The statistical significance of the NRI for each comparison was determined using
the test of the null hypothesis, NRI=0, derived by Pencina.(26)

Results
We identified 854,823 completed pregnancies for analysis. The cohort was randomly
divided into a development cohort that included 569,882 pregnancies and a validation cohort
that included 284,941 pregnancies. Overall, 9,901 (1.16%) of pregnancies were complicated
by the primary study outcome, maternal end-organ injury or death during the delivery
admission through 30 days postpartum (including 6,606 (1.16%) in the development cohort
and 3,295 (1.16%) in the validation cohort). The secondary study outcome, maternal
intensive care unit admission during the delivery hospitalization through 30 days
postpartum, occurred in 2,451 (0.29%) of pregnancies.

Table 1 shows the frequency of the each type of maternal end-organ injury, which in
composite make up the primary study outcome. The most common types of maternal end-
organ injury identified included sepsis (0.26%), acute heart failure (0.23%), disseminated
intravascular coagulation/coagulopathy (0.17%), acute respiratory distress syndrome/
respiratory failure (0.16%), acute liver disease (0.13%), and pulmonary edema (0.12%).

Table 2 shows the distribution of each of the potential predictors stratified by whether the
pregnancy was complicated by the primary study endpoint. All of the antepartum maternal
conditions assessed were more common in women whose pregnancies were complicated by
end-organ injury or death, with the exception of tobacco use. Women who experienced the
primary study outcome were slightly older than those that were unaffected.

The final model from the stepwise selection algorithm used to identify predictors of the
primary study outcome is shown in Table 3, along with the assigned weights that make up
the maternal comorbidity index. When the maternal comorbidity index was calculated for
each patient in the validation cohort and a logistic regression model predicting the primary
outcome was fitted including the score as a continuous independent variable, the odds ratio
per point increase in the comorbidity index was 1.37, 95% Confidence Interval (CI) 1.35 to
1.39. The c-statistic for this model was 0.657 (95% CI 0.647 – 0.666), indicating moderate
discrimination.

The observed risk of the primary outcome by category of maternal comorbidity index is
shown in Figure 1. The risk increased from 0.68% in patients with a score of 0 to 10.9% in
those with a score of >10. The maximum range for the maternal comorbidity index is 0 to
45. The range for women in the validation cohort was 0 to 19. The mean score was 0.91
(s.d., 1.42) and the median score was 0 (interquartile range, 0–1).

The logistic regression model predicting the secondary outcome, maternal ICU admission,
yielded an OR per point increase in the comorbidity index of 1.36, 95% CI 1.33 to 1.40. The
c-statistic for this model was 0.651 (95% CI 0.631 – 0.670), again indicating moderate
discrimination. The observed risk of the secondary outcome by category of index is shown
in Figure 2. The risk increased from 0.18% in those with a score of 0 to 2.7% in those with a
score of >8 (observed risk at higher levels of score cutoff cannot be displayed owing to
small cell sizes).

Table 4 shows the net reclassification statistics comparing the maternal comorbidity index to
the other commonly used indexes using the validation cohort. The NRI for the maternal
comorbidity index was 0.118 (p<0.001) when compared to Charlson/Romano Index, 0.071
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(p<0.001) when compared with the van Walraven/Elxihauser Score, and 0.027 (p=0.011)
when compared with the Combined Comorbidity Score. We also calculated the c-statistic for
each of the scores. For the primary outcome, the c-statistic for the Charlson/Romano Index
was 0.578 (95% CI 0.570 – 0.585), for the van Walraven/Elxihauser Score was 0.586 (95%
CI 0.575 – 0.597), and for the Combined Comorbidity Score was 0.617 (95% CI 0.608 –
0.627). For the secondary outcome, the c-statistic for the Charlson/Romano Index was 0.560
(95% CI 0.545 – 0.574), for the van Walraven/Elxihauser Score IHS was 0.565 (95% CI
0.544 – 0.585), and for the Combined Comorbidity Score was 0.563 (95% CI 0.545 –
0.582). These findings suggest significantly improved discriminative ability of the maternal
comorbidity index for the primary and secondary study endpoints.

We also tested the performance of more parsimonious implementations of the maternal
comorbidity index. When we only included conditions with a weight of greater than one, the
c-statistic for predicting the primary outcome in the validation cohort fell to 0.634 (95% CI
0.625 – 0.643), which compares to 0.657 (95% CI 0.647 – 0.666) for the full model. When
we included only conditions with a weight greater than or equal to two, the c-statistic further
fell to 0.607 (95% CI 0.599 – 0.615).

Discussion
Using this cohort of 854,823 completed pregnancies for which inpatient and outpatient
claims were available from 6 months prior to pregnancy through 30 days postpartum, we
have developed and validated a simple numerical score that summarizes obstetric and
medical comorbidities and predicts severe maternal morbidity and mortality. As
epidemiologic, comparative effectiveness, and health services research aimed at improving
maternal outcomes increasingly becomes a priority area in obstetric research,(20) this
comorbidity index promises to be an important tool for use in such work. Code to implement
the index is freely available online at: [URL TBD].

Existing comorbidity scores, such as the Charlson/Romano Index, the van Walraven/
Elxihauser Score, or the Combined Comorbidity Score, lack relevant obstetrical conditions
and use weighting schemes that are not necessarily applicable to obstetric outcomes.
Nevertheless, a large number of studies in obstetrics have applied these non-obstetric scores
when describing and/or adjusting for comorbidities. Our maternal comorbidity index
performed significantly better in predicting the primary study outcome, acute maternal end-
organ injury or death, than did these other scores as measured by the NRI and c-statistic
(measures of calibration and discrimination). For example, as compared to the commonly
used Charlson Index, our maternal comorbidity index correctly reclassified 20.8% of women
while incorrectly reclassifying only 9.0%, indicating improvement in classification for
11.8% of the validation cohort. More accurately measuring a strong risk factor for such a
large portion of a study population can substantially reduce confounding bias in
observational studies.(27)

Having such a summary score for use in obstetric research is particularly important given
the relative infrequency with which severe maternal morbidity and mortality occurs in
developed countries.(23, 24, 28) While ideally studies examining the effect of a risk factor
or intervention on the risk of adverse maternal outcomes would measure and individually
adjust for all relevant confounders using a regression model or the like, with infrequent
outcomes this is not always possible without over-specifying the model. In these
circumstances, an aggregate measure of the burden of relevant comorbidities, weighted in a
manner that is relevant to the outcome of interest, becomes a highly useful tool for
confounding control.
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The scoring system described here may have clinical utility as well. It may be helpful in
identifying patients that would benefit from consultation by a Maternal-Fetal Medicine
Specialist before and/or during pregnancy. It may also be useful as a means of triaging
patients to high-risk centers that have the infrastructure, staffing, and subspecialty expertise
required to care for those whose score suggests significant risk for a complicated delivery or
postpartum course. Leaders in obstetrics have recently called for the development of
networks with hospitals designated by levels of maternal care.(29) This tool may find
application as a screening tool for ensuring that parturients are being cared for in an
appropriate setting within such a network. Trials to test these and other possible applications
of a maternal comorbidity index would provide important information to improve clinical
practice.

The development and validation of this maternal comorbidity index is subject to certain
limitations. The weights assigned to a particular comorbidity reflect the average population
effect of that comorbidity on outcome. However, there is clearly a spectrum of severity for
each of the conditions included in our analysis. Thus, while an inherent part of any such
index, this may result in residual confounding when the tool is used for adjustment in
research. It also means that practitioners need to exercise judgment if the score is applied in
a clinical context (e.g., a patient with pulmonary hypertension may have a score of 4, but if
the patient’s pulmonary pressures are supra-systemic, the risk of adverse outcome may
substantially exceed the average patient with a score 4). An additional limitation is that the
scoring system only achieves moderate discrimination for both the primary and secondary
endpoint (c-statistic of 0.66 and 0.65, respectively). This likely reflects the fact that many
etiologies of severe maternal morbidity, including postpartum hemorrhage and stroke,(24,
30, 31) frequently occur in the absence of recognized risk factors. It may also reflect the fact
that certain comorbidities, including maternal obesity, are not well coded in healthcare
utilization data. In order to accurately identify pregnancies within the Medicaid Analytic
eXtract, we require a linkage to infant records. This means that our cohort is limited to
completed pregnancies; some women with severe systemic disease may elect to terminate
pregnancy and would not be captured in our analysis. Additionally, maternal deaths are
identified in the Medicaid Analytic eXtract using the eligibility file which may
underestimate deaths. However, as deaths represent only a small fraction of the composite
endpoint and generally occur in the setting of measured maternal end-organ injury, this
limitation is not likely to substantially alter our results. It is important to note that while we
restricted the development and validation cohorts to those women with Medicaid coverage
from 6 months antepartum through 30 days postpartum to maximize our measurement of
comorbid illness, this coverage criterion is not necessary when applying the score in
practice. Finally, our index was developed in a Medicaid population. While we expect that
the associations of maternal comorbidities to adverse outcomes defined in this study will
hold in other groups, future studies will need to determine the extent to which the index
needs to be tailored for optimal performance in other settings including the commercially
insured population in the United States and pregnant populations in other countries.
However, it is notable that the existing comorbidity scores have found wide application
beyond the populations in which they were originally developed. Further, as Medicaid
covers nearly half of all deliveries in the United States, a scoring system optimized for this
population is of substantial interest, particularly in light of the relatively high risk of
maternal morbidity in this group.(32)

With the substantial rise in the incidence of severe maternal morbidity that has occurred
over the past decade,(23) there is an urgent need for research into the determinants of such
morbidity and interventions aimed at preventing it. Much of this research has been, and will
likely continue to be, based on administrative data. The maternal comorbidity index
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provides a simple approach to summarizing medical and obstetric comorbidities and can be
used for confounding control in such research.
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Figure 1.
Observed incidence of primary outcome by maternal comorbidity index in the validation
cohort.
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Figure 2.
Observed incidence of maternal intensive care unit admission by maternal comorbidity
index in the validation cohort.
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Table 1

Distribution of Primary Outcome and Its Specific Morbidity Components in the Total Cohort

Condition n (%)

End-organ injury or death (Primary study outcome) 9901 (1.16)

Components of primary outcome

  Acute heart failure 2000 (0.23)

  Acute liver disease 1104 (0.13)

  Acute myocardial infarction 65 (0.01)

  Acute respiratory distress syndrome/respiratory failure 1342 (0.16)

  Acute renal failure 339 (0.04)

  Coma 31 (0.00)

  Delirium 80 (0.01)

  Disseminated intravascular coagulation/coagulopathy 1417 (0.17)

  Puerperal cerebrovascular disorders 705 (0.08)

  Pulmonary edema 998 (0.12)

  Pulmonary embolism 397 (0.05)

  Sepsis 2214 (0.26)

  Shock 302 (0.04)

  Status asthmaticus 202 (0.02)

  Status epilepticus 35 (0.00)

  Death 23 (0.00)
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Table 2

Potential Conditions for Inclusion in the Maternal Comorbidity Index Stratified by the Occurrence of the
Primary Study Endpoint in the Total Cohort

With End-
Organ

Injury or
Death
n (%)

(n=9,901)

Without End-
Organ Injury

or Death
n (%)

(n=844,922)

Maternal age at LMP, years

  <19 1526 (15.4) 158757 (18.8)

  20–34 7289 (73.6) 636018 (75.3)

  35–39 806 (8.1) 39722 (4.7)

  40–44 259 (2.6) 9814 (1.2)

  >44 21 (0.2) 611 (0.1)

Alcohol abuse 230 (2.3) 11220 (1.3)

Asthma 1202 (12.1) 72688 (8.6)

Cardiac valvular disease 320 (3.2) 7643 (0.9)

Chronic congestive heart failure * 32 (0)

Chronic ischemic heart disease 115 (1.2) 1813 (0.2)

Chronic renal disease 290 (2.9) 11017 (1.3)

Congenital heart disease 432 (4.4) 7547 (0.9)

Cystic fibrosis * 732 (0.1)

Drug abuse 824 (8.3) 40325 (4.8)

Gestational hypertension 277 (2.8) 19872 (2.4)

Gestational diabetes mellitus 623 (6.3) 48205 (5.7)

Human immunodeficiency virus 107 (1.1) 3827 (0.5)

Mild or unspecified preeclampsia 671 (6.8) 30337 (3.6)

Multiple gestation 461 (4.7) 16762 (2.0)

Obesity 555 (5.6) 32951 (3.9)

Placenta previa 520 (5.3) 28157 (3.3)

Previous cesarean delivery 2441 (24.7) 141080 (16.7)

Preexisting diabetes mellitus 818 (8.3) 38098 (4.5)

Preexisting hypertension 1220 (12.3) 41790 (5.0)

Pulmonary hypertension 72 (0.7) 507 (0.1)

Severe preeclampsia/eclampsia 835 (8.4) 12529 (1.5)

Sickle cell disease 83 (0.8) 2641 (0.3)

Systemic lupus erythematosus 56 (0.6) 1437 (0.2)

Tobacco use 971 (9.8) 82717 (9.8)

LMP, last menstrual period.

*
Cell size less than 11, which cannot be disclosed in accordance with the data use agreement.
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Table 3

Results of the Derived Model Predicting Maternal End-Organ Injury or Death and the Associated Weights for
Each Condition

Beta Coefficient Odds Ratio (95%
CI)

Weights

Severe preeclampsia/eclampsia 1.63 5.10 (4.63–5.60) 5

Chronic congestive heart failure 1.37 3.93 (1.35–11.47) 5

Congenital heart disease 1.34 3.81 (3.37–4.32) 4

Pulmonary hypertension 1.18 3.24 (2.31–4.56) 4

Chronic ischemic heart disease 1.00 2.72 (2.13–3.46) 3

Sickle cell disease 0.76 2.14 (1.63–2.81) 3

Multiple gestation 0.74 2.09 (1.86–2.35) 2

Cardiac valvular disease 0.67 1.95 (1.67–2.27) 2

Systemic lupus erythematosus 0.57 1.77 (1.24–2.52) 2

Human immunodeficiency virus 0.56 1.76 (1.37–2.27) 2

Mild or unspecified preeclampsia* 0.50 1.65 (1.49–1.83) 2

Drug abuse 0.49 1.63 (1.48–1.79) 2

Placenta previa 0.48 1.61 (1.45–1.80) 2

Chronic renal disease 0.43 1.54 (1.32–1.80) 1

Pre-existing hypertension 0.39 1.48 (1.36–1.61) 1

Previous cesarean delivery 0.37 1.45 (1.37–1.54) 1

Gestational hypertension‡ 0.28 1.32 (1.14–1.54) 1

Alcohol abuse 0.27 1.31 (1.11–1.56) 1

Asthma 0.25 1.28 (1.19–1.39) 1

Pre-existing diabetes mellitus 0.19 1.21 (1.1–1.33) 1

Maternal age, years

  >44 0.81 2.25 (1.28–3.95) 3

  40–44 0.54 1.72 (1.47–2.02) 2

  35–39 0.42 1.52 (1.39–1.66) 1

CI, confidence interval.

*
Patients received a weight for mild or unspecified preeclampsia only if they did not have severe preeclampsia/eclampsia present.

‡
Patients received a weight for gestational hypertension only if they did not have preexisting hypertension or preeclampsia/eclampsia present.
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Table 4

Reclassification and Discrimination Statistics Comparing the Maternal Comorbidity Index With Other
Commonly Used Comorbidity Indexes and the C-statistics for Each of the Comorbidity Indexes for the
Primary Outcome in the Validation Sample.

95%
Confidence

Interval

P

Reclassification statistics for primary outcome

Maternal morbidity index vs. Charlson/Romano Index

  Net Reclassification Index 0.118 0.103–0.133 <0.001

    Pr(up|O = 1) 0.190 0.177–0.204

    Pr(down|O = 1) 0.039 0.033–0.046

    Pr(up|O = 0) 0.051 0.050–0.052

    Pr(down|O = 0) 0.017 0.017–0.018

Maternal morbidity index vs. van Walraven/Elixhauser Score

  Net Reclassification Index 0.071 0.054–0.088 <0.001

    Pr(up|O = 1) 0.179 0.167–0.193

    Pr(down|O = 1) 0.112 0.102–0.123

    Pr(up|O = 0) 0.051 0.050–0.052

    Pr(down|O = 0) 0.054 0.053–0.055

Maternal morbidity index vs. Combined Comorbidity Score

  Net Reclassification Index 0.027 0.010–0.045 0.0114

    Pr(up|O = 1) 0.166 0.154–0.179

    Pr(down|O = 1) 0.140 0.128–0.152

    Pr(up|O = 0) 0.048 0.047–0.049

    Pr(down|O = 0) 0.049 0.048–0.050

C-statistic (95% confidence interval) for primary outcome

  Maternal comorbidity index 0.657 0.647–0.666

  Charlson/Romano Index 0.578 0.570–0.585

  van Walraven/Elixhauser Score 0.586 0.575–0.597

  Combined Comorbidity Score 0.617 0.608–0.627

Pr(up|O = 1), the proportion of patients with the primary outcome who were correctly reclassified into a higher risk stratum by the maternal
morbidity index; Pr(down|O = 1), the proportion of patients with the primary outcome who were incorrectly reclassified into a lower risk stratum
by the maternal morbidity index; Pr(up|O = 0), the proportion of patients without the primary outcome who were incorrectly reclassified into a
higher risk stratum by the maternal morbidity index; Pr(down|O = 0), the proportion of patients without the primary outcome who were correctly
reclassified into a lower risk stratum by the maternal morbidity index.
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Appendix 1

Diagnostic Codes Used to Define Maternal End-Organ Injury

Complication ICD-9 CM Codes

Acute heart failure 415.0x, 427.5x, 428.0x, 428.1, 428.21, 428.31, 428.41, 997.1x, 669.4x, 428.23,
428.33, 428.43, 428.9x

Acute renal failure 584.x, 669.3x

Acute liver disease 570, 646.7x

Acute myocardial infarction 410.x

Acute respiratory distress syndrome/respiratory failure 518.81, 518.82, 518.84, 518.5x, 799.1x, 518.7x

Disseminated intravascular coagulation/coagulopathy 666.3x, 286.6x, 286.7x, 286.9x, 287.4

Coma 780.01, 780.03, 572.2x, 250.2x, 250.3x, 251.0x

Delirium 293.x

Puerperal cerebrovascular disorders 671.5x, 674.0x, 430.xx–432.xx, 436, 997.01, 997.02, 433.01, 433.11, 433.21, 433.31,
433.81, 433.91, 434.01, 434.11, 434.91, 325, 348.1, 348.3x, 348.5x, 437.1x, 437.2x,
437.6x, 346.6x

Pulmonary edema 514.xx, 518.4x 428.1x

Pulmonary embolism 673.x, 415.1x

Sepsis 038.x, 995.91, 995.92, 112.5x, 659.3x, 785.52

Shock 669.1x, 785.5x, 998.0x, 995.4x, 995.0x, 995.94, 999.4x

Status asthmaticus 493.01, 493.11, 493.21, 493.91

Status epilepticus 345.3x

ICD-9-CM, International Classification of Diseases, 9th Revision, Clinical Modification.
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Appendix 2

Diagnostic Codes Used to Define Maternal Comorbidities

ICD-9-CM Definition

Pulmonary hypertension 416.0x, 416.8x, 416.9x

Placenta previa 641.0x, 641.1x

Sickle cell disease 282.4x, 282.6x

Gestational hypertension 642.3x (without preeclampsia/eclampsia or pre-existing hypertension)

Mild preeclampsia or unspecified preeclampsia 642.4x, 642.7x (without severe preeclampsia/eclampsia)

Severe preeclampsia/eclampsia 642.5x, 642.6x

Chronic renal disease 581.x–583.x, 585.x, 587.x, 588.x, 646.2x

Preexisting hypertension 401.x–405.x, 642.0x–642.2x, 642.7x

Chronic ischemic heart disease 412.x–414.x

Congenital heart disease 745.0x–747.4x, 648.5x

Systemic lupus erythematosus 710.0x

Human immunodeficiency virus 042.x, V08.x

Multiple gestation V27.2–V27.8, 651.x

Drug abuse 304.x, 305.2x–305.9x, 648.3x

Alcohol abuse 291.xx, 303.xx, 305.0x

Tobacco use 305.1.x, 649.0x

Cardiac valvular disease 394.x–397.x, 424.x

Chronic congestive heart failure 428.22, 428.23, 428.32, 428.33, 428.42, 428.43

Asthma 493.x

Preexisting diabetes mellitus 250.x, 648.0x

Gestational diabetes mellitus 648.8x (without pre-existing diabetes)

Obesity 278.0x, 649.1x ,V85.3, V85.4

Cystic fibrosis 277.0x

Previous cesarean delivery 654.2x

ICD-9-CM, International Classification of Diseases, 9th Revision, Clinical Modification.
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